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ADDITIONALTRANSONICSTABILITYANDCONTROL

CHARACTERISTICSOFA 0.015-SCALE(REMOTELY

CONTROLLEDELEVON)MODEL44-0 SPACESHUTTLE

ORBITERTESTEDIN THENASA/LARC8-FOOTTPT (LAll5)

ABSTRACT

An investigation was conducted in the NASA/Langley Research Center

8-Foot Transonic Pressure Tunnel from February i through 6, 1978 using

a Langley-built 0.015-scaleSSV Orbiter model with remote independently

operated left and right elevon surfaces. Special attention was direc-

ted to definition of non-linear aerodynamic characteristics by taking

data at small increments.

The objectives of the test were to:

i) verify stability and control increments derived from previous

transonic tests subjected to unknown blockage and shock reflec-

tion effects, and

2) obtain additional stability and control data.

Six component aerodynamic force and moment and elevon position data

were recorded for the model over an angle-of-attack range from -2 ° to

20 ° at angles of sideslip of 0° and 1.5 ° . Additional tests were made

over an angle-of'sideslip range of -6 ° to 4° at angles of attack of 0°,

5.5 ° and ii.0 °. For detailed control effectiveness studies, the model
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ABSTRACT(Concluded)

was held at a constant angle of attack and the left and right elevons

were swept simultaneously or differentially through an elevator range

from -8° to I0° or an aileron range from -6° to 6° . The test Mach

numberswere 0.6, 0,9, 0.95, 0.98, 1.12, and 1.2 with the Reynolds

number held at a constant 4.25 x 106 per foot.
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NOMENCLATURE

SYMBOL

a

AB

ASC

b

CA

CD

CL

C£

Cm

CN

C n

MNEMONIC

BREF

CA

CD

CL

CBL

CLM

CN

CYN

CY

DEFINITION

speed of sound; m/sec, ft/sec

total base area excluding sting cavity; ft. 2

sting cavity area; ft. 2

wing span or reference span; in.

axial-force coefficient; axial force
qS

drag coefficient;
q_

lift coefficient; lift
qS

rolling moment coefficient; rolling moment

qSb

pitching moment coefficient; pitching moment

qS£REF

normal force coefficient; normal force
qS

yawing moment coefficient; yawing moment
qSb

side-force coefficient; side force
qS

LID

£REF'

M

CPBI, 2

L/D

LREF

Mach

MRP

orbiter base pressure coefficients; (Pbl -P=)/q
,2

lift-to-drag ratio; CL/C D

reference length or wing mean aerodynamic chord; in.

Mach number; V/a

moment reference point



NOMENCLATURE(Continued)

SYMBOL

q

RN/L

S,Aw

V

Xo

Yo

Z o

6a

MNEMONI C

Q(PSF)

RN/L

SREF

XO

XMRP

YO

YMRP

ZO

ZMRP

ALPHA

BETA

AILRON

DEFINITION

dynamic pressure, psf

unit Reynolds number; per ft.

wing area or reference area; ft. 2

velocity; m/sec, ft/sec.

orbiter longitudinal location (full scale) measured

from a point 235 in. forward of the orbiter nose

moment reference point on X axis

orbiter lateral location (full scale) measured from
orbiter centerline

moment reference point on Y axis

orbiter vertical location (full scale) measured

from the external tank centerline

moment reference point on Z axis

angle of attack, degrees

angle of sideslip, degrees

total aileron deflection angle, degrees;

(_eL - 6eR)/2

6
BF

e

6e L

_e R

d r

BDFLAP

ELEVON

ELVN-L

ELVN-R

RUDDER

bodyflap deflection angle, degrees; positive with

trailing edge down

elevon deflection angle, degrees; (6eL + _eR)/2

left elevon surface deflection angle, degrees;

positive with trailing edge down

right elevon surface deflection angle, degrees;

positive with trailing edge down

rudder deflection angle, degrees; positive with

trailing edge right



NOMENCLATURE(Concluded)

SYMBOL MNEMONIC DEFINITION

6SB SPDBRK split rudder deflection angle, degrees; left

split rudder trailing edge left and right split

rudder trailing edge right (positive)



INTRODUCTION

During the analysis of the data from transonic tests of the high-fidelity

verification 0.050-scale shuttle orbiter model (reference 3), it was

found that the data were subjected to shock reflection and/or blockage

effects. While the data itself were suspect, it was felt that control

effectiveness and stability increments could be used. The purpose of

the present investigation is to verify these increments and to add addi-

tional transonic stability and control information to the database.

Six-component aerodynamic force and momentand elevon position data were

recorded for the model over an angle-of-attack range from -2 ° to 20° at

angles of sideslip of 0° and 1.5° . Additional tests were madeover an

angle-of-sideslip range of -6 ° 4°to at angles of attack of 0°, 5.5° and
o

Ii.0 . For detailed control effectiveness studies, the model was held at

a constant angle of attack and the left and right elevons were swept

simultaneously or differentially through an elevator range from -8 ° to

i0 ° or an aileron range from -6° to 6° . The test Machnumberswere 0.6,

0.9, 0.95, 0.98, 1.12, and 1.2 with the Reynolds numberheld at a constant

4.25 x i06 per foot.



MODELDESCRIPTION

The test model was a O.015-scale model of the Space Shuttle Orbiter (Fig-

ures 2 and 3). Constructed at the Langley Research Center, the model

used the nose section forward of full-scale fuselage station 672.8, the

vertical tail and OMSpods from an existing Rockwell model 49-0. The

remainder of the model, the wings, elevons, and body were constructed

from Rockwell-furnished line details. The elevon hinge-line gap was

sealed for this test. The left and right elevon surfaces were driven

independently by internally mountedelectric motors. The elevon posi-

tion was determined by high resolution potentlometers mounted on the

pivot axis (hlnge-line) of the elevons, thus giving the true position of

the elevon under load at all times. The accuracy of the elevon position

is the readout accuracy of the potentiometer, which was determined to be

within 0.2 degrees.

The model configuration is summarizedas follows:

Orbiter - 140A/B/C = B26C9 E43 F8 MI6 N28 R5 V8 W

Component

B26

C9

E43

Definition

Fuselage per Rockwell Lines VL70-OO0140A and

VLTO-0OOI40B (Model drawing SS-AO0147)

Canopy per Rockwell L_nes VLTO-OOOI43A and

VLTO-O00143B (Model drawing SS-AO0147)

Slotted version (6-inch) of E26 elevons per

Rockwell VL70-000145 (Model drawing SS-A00147)



MODELDESCRIPTION(Concluded)

Component

F8

MI6

N28

R5

V 8

W

Definition

Bodyflap per Rockwell Lines VL70-000145 (Model

drawing SS-A00147)

OMS/RCS pods per Rockwell Lines VL70-0084010

(Model drawing SS-A00147)

OMS engine nozzle per Rockwell Lines VL70-000145

(Model drawing SS-A00147)

Rudder per Rockwell Lines VL70-000146A (Model

drawing SS-A00148)

Vertical tail per Rockwell Lines VL70-000146A

(Model drawing SS-AO0148)

Wing per Rockwell V70-30-906-01 (Basic Control

drawing)

A complete description of model dimensional data is given in Table III.
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TESTCONDITIONS

The tunnel conditions existing during the test are summarized in

Table I and the configurations tested are shown in Table II. The

model was sting supported, with aerodynamic forces and moments

measuredby an internally mountedsix-component strain gage balance.

In an attempt to insure turbulent flow over the model, strips of

carborundumgrit were applied to the wing, vertical tail, and nose

as shownin Figure 2. Model angle of attack was varied from about

-2° to 20° for angles of sideslip of 0° and 1.5°. Sideslip angles

were varied from -6° to 4° at angles of attack of 0°, 5.5 ° , and

ii.0 °. Elevons were driven from -8 ° to i0 ° to evaluate pitch effec-

tiveness and differentially from -6 ° to 6° to evaluate roll effec-

tiveness. Angles of attack and sideslip have been corrected for

sting deflection under load. No correction due to load has been

applied to elevon angle since total torsional bending of the surface

has been determined to be negligible.



TESTFACILITYDESCRIPTION

NASA/LangleyResearch Center 8-Foot Transonic Pressure Tunnel is an

air-medium facility capable of attaining continuously variable Mach

numbersfrom 0.20 to 1.30. It is a single-return, closed-circuit

tunnel, having controlled stagnation temperature, total pressure,

and dew-point temperature. The test section is 7.1 feet square.

Reynolds numbersare variable from 0.30 x 106 per foot to 7.00 x 106,

depending on Machnumber and tunnel total pressure limitations.

Models are supported in the test section by a sting-sector system,

but wall-mounting is possible. Schlieren photography is available

for flow and shock-wave studies.
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DATAREDUCTION

LaRCUT-27-100 six-component strain gage balance was used to measure

model forces and moments. All final data were presented along a set

of body and stability axes (Figure i) through the nominal center of

gravity located at F.S 1076.7 and FRL 375.0. Drag data presented

represent gross drag in that no corrections to free-stream conditions

in the base regions have been made. Model data were converted to

standard NASAcoefficients using the following constants:

Reference Area = Aw = Sre f = 0.605 ft. 2

Reference Length = _ = £ref = 7.122 in.

Reference Span = b = bre f = 14.05 in.

Total base area excluding

sting cavity

Sting cavity area

(Model Scale) (Full Scale)

(2690. ft 2)

(474.8 inches)

(936.68 inches)

= Ab = 0.0615 ft. 2 (273.3 ft 2)

= Asc = 0.03409 ft. 2 (151.5 ft 2)

f .... ..............

ii
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+

t,O0 in-lb ", 3,0 .£n-lb.

COEFFICIENT
.TOLERANCE:

COMMENTS:
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'£ABI_ I I I.

MODEL DIMENSIONAL DATA

MODEL COMPONENT : BODY B26

GENERAL DESCRIPTION : Confi9uration 140A/B Orbiter Fuselage
i

NOTE: BZ6 is identical to BZ4 except underside of fuselage has been

refairecl to .accept W

MODEL SCALE: 0.015 MODEL DRAWING: SS-A00147, RELEASE 12

DRAWING NUMBER' VL70-OOOI43B, -000200, 000205,
-000145, -O00140A, O00140B

-o06o89,

DIMENSIONS • FULL SCALE MODEL SCALE

* Length (OML: Fwd Sta. Xo--235)-In.
* Length(IHL: Fwd Stao Xo=Z38)-In.

* Max Width (_ X = 15z8.3) - In.

Max Depth (_ Xo-- ]464) - In.

Fineness Ratio

Area - Ft 2

Max. Cross-Sectional

Planform

1293.3

1290.3
264.0

250.0

340.88

19.400

19.3_5
3.960

3.750

O.O77

Wetted

Bose

i

19



TA/_LE III-Cont inuod

MODEL Di_AENSIONAL DATA

MODEL COMPONENT : CANOPY - C_

GENERAL DESCRIPTION: Configuration 3A, Canopy used with Fuselage

B26.

MODEL SCALE: 0.015 MODEL DRAWING: SS-A00147 , RELEASE 12

DRAWING NUMBER: VL70-OO014)AIB

DIMENSIONS :

Length (Xo = 434.643 to 587)

Max Width (@ Xo = 513.127)

Max Depth (@ Xo = 485.0)

Fineness Ratio

Area

Max. Cross-Sectional

Plan form

Wetted

Bose

FULL SCALE MODEL SCALE

14}.357 z.,150 ....

152.41Z 2.286
=

25.000 0.375

2O



TABLE lll-Cont;[nued

MODEL DIMENSIONAL DATA

coMPONENT" SLOTTED ELEVON (61inch GAP) - E4}MODEL

GENERAL DESCRIPTION .C°nfiguration 140A/B Orbiter elevon.

NOTE: E43 is a s]otted version of E2A. Da'ta are for one side.

MODEL SCALE: O.O!5 HODEL DRAWING_ SS-AO0147

DRAWING NUMBER VL70-O00-OOOI_5

DIMENSIONS '

Area - Ft 2

Span (equivalent) - In.

lnb'dequivalent chord - In.

Outb'd equivalent chord/ total
surface chord
Ratio movable surface chord/

total surface chord

At Inb'd equiv, chord

At Oulb'd equiv, chord

Sweep Back Angles, degrees

Leading Edge

Trailing Edge

Hingeline

Area Moment (Nor."nnl to hinge line)

Mean Aerodyna_ic Chord (E), in.

FULL SCALE

210.O

3_9.2

ii8.004

55.192
J J

0.00

-10.056

O :OO

lssT. s

9o._r

MODEL SCALE

0.0473

5.238

1.770

o.B28

O.OO

-I0.056

0.00

0.00536

1.3605

21



TABLE lll--Contlnued
MODEL DIMENSIONAL DATA

MODEL COMPONENT : BODY FLAP -F 8

GENERAL DESCRIPTION : Configuration

MODEL SCALE: 0.015

14OA/B Orbiter Body Flap.

Hingeline located at Xo = i528.3, Zo = 284.3

MODEL DRAWING: SS-AOO147, RELEASE 12

DRAWING NUMBER'
VL-OOO140A, VL70-O00!45

DIMENSIONS :

Length (Xo= 1520 To Xo =

MaxWidth(Zn.)

Max Depth (Xo = 1520) - In.

Fineness Ratio

Area - Ft2

Max. Cross-Sectional

Plonforrn

Wetted

Bose

1613)

FULL SCALE MODEL SCALE

93.000 1.395

262.00 3.930

23.000 0.345
J _ i

150.525 0.0339

41.84722 _ o.oo941

22



TABLEIII-Contlnued

MODEL DIMENSIONAL DATA

MODEL COMPONENT : 0HS Pod (RIB)

GENERAL DESCRIPTION : Configuration 140D Orbiter OMS Pod

MODEL SCALE: 0.015 MODEL DRAWZNG NO: SS-A00147

DRAWING NUMBER'

VL70-OOOI40D
VL70-008_-010

DIMENSIONS" FULL SCALE MODEL SCALE

Length (OHS Fwd Sta Xo=1310.5)-Xn. 258.5

MaxWidth (@ Xo = 15111 - In. 136.8

Max Depth (@ Xo = 1511) - ln. 74.7

Fineness Ratio 2.484

2
Area- Ft.

Max. Cross-Sectional 58.864

• Planforrn

3.878

2.052

!,121

2.484

Wetted

Bose

23



TABLE III: MODEL DI_IENSIONAL DATA-Continued

t_,ODELCOMPONENT: OMS NOZZLES - N28
c

GE_;ERAL DESCRIPTION" ConFiguration 140A/B Orbiter OMS Nozzles"

- SS-OOO147" _"

IIODEL SCALE: 0.015 MODEL DRAWING: RELEASE 5 (Contour)

DRAWING NUMBER: VL70-000145, (location)

DIMENSIONS:

HACH NUMBER

Length- In.

Gimbal Point to Exit Plane
Throat to Exit Plane

Diameter - In, .
Exit
Throat
Inlet

Area - ft 2

Exit
Throat

Gimb_l Point (Station) - In.

"Left NozZle

Xo

"" Yo
Zo

Right Nozzle
X
Y
Z

Null Position - Deg.
Left Nozzle

Pitch
Yaw

Right Nozzle
Pitch
Yaw

FULL SCALE

1518.0

492.0

1518.o
+__0 -

_gz.o

15°49 '

- 12u''l I'

15049 '
12o17 '

MODEL SCALE

o

22.770

2z.77o
--+i._U' -

7.380

15049 '

. 12u17 ' '-

24
°



TABLE Ill-Conti nued

MODEL DIMENSIONAL DATA

MODEL COMPONENT • RUDDER - R5

GENERAL DESCRIPTION 2A, 3, 3A, and 140A/B Conf igurat|ons

MODEL SCALE: O.OI5 MODEL DRAWING: SS-AOO148

DRAWING NUMBER VLTO-OOOI46A, VL70-000095, V170-O00139

DIMENSIONS

*Area Ft 2

Span (equivalent)- In.

Inb'd equivalent chord - [n.

Outb'd equivalent chord - In.

Ratio movable surface chord/
total surface chord

At Inb'd equiv, chord

At Outb'd equiv chord

Sweep Back Angles, d_grees

Leading Edge

Trail,ng Edge

Hingeline

Area Moment (N-o_nal to h,nge line)

Mean Aerodynamic Chord, - In.

FULL SCALE

1oo.15

201.0

91.585

50.833

0.400

0.400

34.83

26.25

34.83

610.92

73.2

h_ODEL SCALE

0.0225

3.Ol5

i.3738

0.7625

0.400

0.400

34.83

26.25

34.83

0.002

1.098

25



TABLEIII (Cont£nued)

_ODEL DIMENSIONAL DATA - Continued

_AODEL COMPONENT " VERTICAL - V8

GENERAL DESCRIPTION' Configuration 140A/B Orbiter Vertical Tail

V,_gOELSCALE: 0.015

DRAWING NUMSER vL70-OOOI46A

DRAWING NUMBER:, SS-AOOI4Ba ._
RELEASE 6

D IMENS IONS :

TOTAL DATA

Area (Theo) - Ft 2
Planform

Span (Theo) - In.
Aspect Ratio

Rate of Taper

Taper Ratio
Sweep-Back Angles, Degrees.

Leading Edge
¢_Trai| in9 Edge

0.25 Element Line

Chords:

Root (Theo) WP

Tip (Theo) WP
MAC

Fus. Sta. Of .25 l_C

W.P. of .25.MAC
B.L..oF .25 MAC

Airfoil Section

Leading Wedge Angle - Deg.

Trailing _ledge Angle - Deg.

Leading Ed9e Radius

Void Area

Blanketed Area

FULL SCALE MODEL SCALE

413.253 0.093

315.720 4.736

0.507 0.507

o.4o4 "--

26.2 26.2

41.130 4!.130. - _

268.500 4.02S

io8.4/o 1.6z]
]99.8o8

-1463.50 _ 21.953

L 635.522 .... _.533
0.00 0.00

10.00 _ lO.O0
f4.920 14.920
2.00 0.030

13.17 0.003

0.00 0.00 "

26



TABLE III (Concluded)

I".ODELCOMPONENT" WING-W

GENERAL DESCRIPTION" Configuration 4

N3TE: Identical to W.|_except airfoil thickness.

Dihedral anqle is alonq trailinq edge of wing.

MODEl SCALE: O,OlS MODEL DRAWING- S_;-AOOI_O

DRAWING NUMBER: v7o-3o-9o6-oi(BOP)

DIMENSIONS: FULL-SCALE MODEL SCALE

TOTAL DATA

Area (Theo) Ft 2

Pl anform

Wetted

Span (equivalent) (Theo) In.

Aspect Ratio

Rate of Taper

Taper Ratio

Dihedral Angle, degrees

Incidence Angle, de_rees

Aerodynamic Twist, degrees

Toe-ln Angle

Cant Angle

Sweep Back Angles, degrees

Leading Edge

Trailing Edge
O.E5

Chords:

Root

Tip,
MAC

Fus. Sta. of .25 MAC

W.P. of .25 MAC

B.L. of .25 14AC

Airfoil Section

Root

Tip
EXPOSED DATA

Area Ft2

Span, (equivalent) (Theo) In.

Aspect Ratio

Taper Ratio
Chords

Root BPI08

Tip 1.00 h
MAC

Fus. Sta. of .25 tIAC

W.P. of .25 MAC

B.L. oF .25 MAC

2690.00

936'[68 "

2,265

I.177 •
0.20o

3.5oo
o.5o0

+3,000

45 .ooo

-IO.O56
Element Line

(Wing Sta. 0.0) (Theo) B.P'O.OL 689

(equivalent)(Theo) B.P. ' "

35.209

.24

. 137.85
474.81

i!36.83
. 290.58

182.13

BPI03
1751.50

_120.68
2 ;059

- O. 245

_55z_ o_9_3_
 81__

.I185.98

2ql_, XO
251 .71

0.605

2.265

!.177
0.200

3.500
O.5OO

+3.000

-10.056

]0.339
2.068

J.IZZ
17.o_2
_4.359

2.732

o.394
Io.81o

2.0.GS

3.777
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FILLET

0.1 inch strip of no. 100 grit

at 0.5 inch measured strear_ise

\

MAIN WING and VERTICAL TAIL

0.1 inch strip of no. 120 grit

at 0.5 inch measured strean_vise

0.1 inch strip of no. 120 grit

at.l.2 inch measured strea_txise

c. Position of Transition Grit Used in Investigation

Figure 2. - Concluded.
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